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Diabetes increase between 2017 and 2045

Source: IDF Diabetes Atlas, 2017; http://www.diabetesatlas.org/



Are diabetes patients more susceptible 
to infections?

Some relatively rare infections almost exclusively in DM patients

Rhinocerebral mucormycosis (fungal infection)

Hemotoxylin and Eosin stain
(necrosis, PMNs, hyphae)



Rhino-orbital mucormycosis emerging in tropics

India, 12 years diabetes, 
dropped from care. 
HbA1c 11%

Singh Bakshi, 
Lancet DM 2016

Bhansali, PostGrad
Med 2009

• India, Africa, Mexico

• Often first presentation of diabetes

• 6-fold increase in last 20 years

• Diagnostic & therapeutic challenge (e.g. no Amph B or surgery)

• High mortality

• Other invasive fungal infections also emerging (e.g. Aspergillus)



Other ‘DM-specific’ infections

Specific capsular types
Loss of ‘string test’

Extensive extra-hepatic lesions: CNS infections, 
necrotising fasciitis, endophtalmitis etc

Fournier’s gangrene



Mellioidosis

• Severe disease caused by Burkholderia pseudomallei

• Sepsis, pneumonia, abscesses

• Particularly in South-East Asia

• 40-60% of patients have DM



More common infections

• Candida (muco-cutaneous and invasive)

• Bacterial pneumonia

• Urinary tract infections

• Skin- and soft-tissue infections

• Eye infections

• Bloodstream infections (bacteremia)

• More common, often more severe

• More and longer hospital admission

• Increased risk of amputation after necrotising limb infections

• More metastatic infections (e.g. endophtalmitis in candidemia)



DM is associated with active TB

8Al-Rifai, Pearson, Critchley, Abu-Raddad. Plos One 2017

• 44 studies from 16 countries
• Prospective: DM ~ 3.6-fold higher TB risk (2.3-5.7)
• Higher in low-income and high-incidence
• Higher in Asia compared to Europe/USA
• Higher for confirmed TB and blood tested DM
• DM accounts for 11% (Nigeria) to 18% (India) of TB 

in high burden countries



Baker et al, BMC Med 2011

Relative risk 95% CI

2-mth culture + Highly variable; no summary statistics

Failure or death 1.69 1.36 - 2.12

Death 1.89 1.52 - 2.36

Recurrence 3.89 2.43 - 6.23



Viral infections

• Associations with DM for many viruses
• Influenza

• Emerging respiratory viruses

• Arboviruses (Dengue, West-Nile, Chikungunya, Zika, JE, yellow fever..)

• More and more severe

• SARS: 3-fold higher mortality among DM

• MERS: DM in 68% of cases and 66% of deaths

• Dengue: lower platelets, more ICU, higher mortality

• Chikungunya: more and longer myalgia/arthralgia



Diabetes and COVID-19



• English primary care data 2010-2015 (>85.000 DM patients, >150.000 controls)
• Consistently higher risk of infection compared to non-DM, higher risk with higher HbA1c
• 24% of TB among DM patients in UK is a result of poor glycemic control

Critchley J, Diabetes Care 2018

Any infection Hospital after infection Death from infection

No DM

Rising HbA1c



Conclusions 1

• Increase in diabetes prevalence worldwide

• Cardiovascular and other complications

• Infectious diseases
– Higher risk (common, TB, viral, fungal, hospital-acquired…)

– Worse outcome

• Highest risks associated with poor glycemic control



Contributing factors

• Host immunity

– T-cells, B-cells, macrophages, neutrophils …

• Neuropathy, microangiopathy, wound healing

• Obesity

• More Staphylococcus aureus carriage

• Glycosuria

• More health-care associated infections

– More hospitalization, more instrumentation

• poor glycemic control: 

– more infections, more admissions, higher mortality



Netea et al, Nature Immunol 2017

Anti-microbial host defense



Immune cell populations in type 1 diabetes

Janssen et al, Metabolism 2021



Neutrophil biological activities

Blanter et al, J Inflamm Res



Neutrophil function in diabetes patients

Dowey et al, Front Immunol 2021



Neutrophil function in diabetes patients
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Neutrophil function in diabetes patients
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Neutrophil function in diabetes patients

Dowey et al, Front Immunol 2021



Janssen et al, Metabolism 2021

Monocyte cell function in diabetes



Janssen et al, Metabolism 2021

T-helper cell function in diabetes



Umetsu et al, Nature Immunol

IFNg

IL-18 is crucial for IFNg production



Zilverschoon et al, Int J Obesity

gradien t cen trifugation over Ficoll-Hypaque (Am ersh am

Bioscien ces, Piscataway, NY, USA), wash ed twice in sterile

ph osph ate-buffered salin e an d resuspen ded in RPMI 1640

cultu re m edium . Th e cells were coun ted in a h em acyto-

m eter, an d th e n um ber of cells was adjusted to 5 106m l 1.

Th e respon se of th e PBMC to th e im m un ostim ulator y effects

of IL-18 was explored in two sett in gs. First , PBMCs were

st im ulated with IL-18 (0.1, 1 an d 10 n g m l 1). Secon dly,

PBMCs were st im ulated with th e IL-18 in th e presen ce of LPS

(10 n g m l 1), wh ich is kn own to am plify th e IL-18-in duced

IFNg production .

Th e cytokin e production in duced by m icrobial path ogen s

was assessed after st im ulat ion of 5 105 m on on uclear cells

(in 100 ml of m edium ) with 100 ml h eat-killed (30 m in ,

100 1C) Staphylococcus aureus (clin ical strain isolated from

patien t with skin abcess, 1 10
7

m l
1
) or Candida albicans

(ATCC MYA-3573, 1 107m l 1). After 24 h an d 48 h of

in cubation at 37 1C, supern atan ts were collected an d stored

at 80 1C un til cytokin es were m easured. Th e role of IL-18

for th e in duction of cytokin es by m icrobial st im uli was

explored by blockin g en dogen ous IL-18 effects with IL-18BP

durin g st im ulat ion . Th e viability of th e cells h as been tested

by Tripan -blue exclusion m eth od an d was above 95% in all

experim en tal con dit ion s tested .

Cytokine measurements

IL-18 con cen trat ion s were m easured by a specific en zym e-

lin ked im m un osorben t assay (ELISA) (Medical an d Biological

Laboratories, Nagoya, Japan ), with a lower detect ion lim it of

12.5 pg m l 1. Tum or n ecrosis factor-a (TNFa) con cen trat ion s

(detect ion lim it 20 pg m l 1) were determ in ed by a

specific ELISA.27 IL-6 (detect ion lim it 20 pg m l 1) an d IFNg

(detect ion lim it 4 pg m l 1) con cen trat ion s were m easured by

com m ercial ELISA kits (Pelikin e Com pact , San quin ,

Am sterdam , The Netherlands), according to the instructions of

the m anufacturer. In traassay variation of the m ethods was less

than 10%, and the in terassay variation was lower th an 15%.

Quantitative PCR analysis of IL-18 receptor (IL-18R)a and
IL-18Rb

Periph eral blood m on on uclear cells were isolated from th e

blood of th e patien ts as described above. Th e cells were

resuspen ded in 200 ml RNAzolB isolat ion solven t (Cam pro

Scien tific, Berlin , Germ an y) an d frozen at 80 1C for storage.

m RNA was isolated followin g th e m an ufacturer’s protocol.

Th e am oun t an d quality of m RNA were determ in ed by

spectroph otom etr y an d an alyzed by agarose gel electo-

ph oresis for DNA con tam in ation . cDNA was syn th esized

from 1000 n g of total RNA usin g SuperScrip t Reverse

Tran scrip tase (In vitrogen Corp., Carlsbad, CA, USA; 18064-

014). Subsequen tly, quan titat ive PCR was perform ed usin g

ABI/PRISM 7000 Sequen ce Detect ion System (Applied Bio-

system s, Foster City, CA). PCRs were perform ed with Sybr

Green PCR Master Mix (Applied Biosystem s), 5 ml 1/20

dilu ted cDNA an d prim ers in a fin al con cen trat ion of

300 n m ol l 1 in a total volum e of 25 ml. Prim ers were

developed usin g prim er express 2.0 software (Applied

Biosystem s). Prim ers sets th at were used: IL-18Ra forward

prim er catgt tgcagtggaattaggaaa, reverse prim er tcatgtatat tag

gatccgatccatt t , IL-18Rb forward prim er agatgattaagagcccctat

gatgtag, reverse prim er tct tgct tatgtgatgcggaata. Quan tifica-

t ion of th e PCR sign als of each sam ple was perform ed by

com parin g th e cycle th resh old values (Ct), in duplicate, of

th e gen e of in terest with th e Ct values of th e GAPDH

h ousekeep in g gen e. Data were sh own as relat ive expression

com pared with GAPDH ð2
DCt 1000Þ. We validated all

prim ers accordin g to th e protocol, an d th e stan dard curves

were all with in th e tolerable ran ge.

Statistical analysis

Data are presen ted as m ean ± s.d . Differen ces between groups

were an alyzed with th e Man n –Wh itn ey U-test or Wilcoxon

sign ed ran ks test wh en appropriate. Correlat ion s between

variables were calcu lated with th e Spearm an correlat ion test .

SPSS 12 was used for stat ist ical an alysis.

Results

Circulating IL-18 concentrations in lean, obese and diabetic
individuals

Th e gen eral clin ical an d laboratory ch aracterist ics of th e

th ree groups are presen ted in Table 1. Th e fast in g serum

IL-18 con cen trat ion was th e h igh est in th e type 2 diabetes

patien ts: 438.3± 49.5 pg m l 1. In th e obese in dividuals, fast-

in g serum IL-18 con cen trat ion s were 360.6± 36.5 pg m l 1,

an d in th e lean volun teers 303.9± 37.3 pg m l
1

(Figure 1).

Fast in g levels of IL-18 correlated with BMI (rs: 0.39, Po 0.05)

an d waist circum feren ce (rs: 0.45, Po 0.05), an d in versely

correlated with serum HDL (rs: 0.43, Po 0.05). IL-18 levels

did n ot correlate with in su lin sen sit ivity as m easured by th e

glucose in fusion rate (derived from th e clam p), HOMA in dex

or fast in g C-peptide (P4 0.05). As expected, in dividual
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Figure 1 Circulating concentrations of IL-18. Circulating fasting concentra-

tions of IL-18 were assessed by ELISA in blood collected from lean volunteers

(n¼17), obese subjects (n¼11) and patients with diabetes (n¼14). Data are

presented as means± s.d., *Po 0.05 compared with lean patients.
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IL-18 resistance in diabetes patients

com pon en ts of th e m etabolic syn drom e such as waist size,

blood pressure an d ch olesterol profile correlated with each

oth er (n ot sh own ). Th e IL-6 circu lat in g con cen trat ion s

were h igh er in th e obese (199± 57 pg m l 1) com pared with

th e lean in dividuals (78± 33 pg m l 1, Po 0.05), wh ereas

type 2 diabetes patien ts h ad an in term ediary production

(128± 41 pg m l 1). However, n o sign ifican t correlat ion s were

foun d between IL-6 an d IL-18 con cen trat ion s, suggest in g an

in depen den t regu lat ion of th eir production .

PBMCs from obese and diabetic individuals release low amounts
of IFNg in response to IL-18

In terferon -g con cen trat ion s released were below detect ion

lim it of th e assay wh en low con cen trat ion s of IL-18 (0.1 an d

1 n g m l 1) were used for st im ulat ion of PBMCs (n ot sh own ).

Wh en stim ulated with 10 n g m l
1

of IL-18, PBMCs from

obese an d diabetic in dividuals released sign ifican tly lower

am oun ts of IFNg th an cells of lean in dividuals (Figure 2a).

To explore th e m ech an ism s respon sible for th e reduced

IFNg respon se to IL-18 in obese an d diabetic in dividuals, th e

expression of th e IL-18 receptor (IL-18R)a an d IL-18Rb

m RNA was assessed by quan titat ive real-t im e PCR. As sh own

in Figure 2b, th e expression of IL-18Ra was approxim ately

50% lower in both obese an d diabetic in dividuals com pared

with lean in dividuals (Po 0.03 for obese vs lean , an d Po 0.02

for diabetes vs lean in dividuals, Figure 2b). In con trast ,

IL-18Rb was sign ifican tly reduced in diabetic pat ien ts on ly,

alth ough a tren d toward lower expression levels was also

apparen t in obese in dividuals (Figure 2b).

Lipopolysacch aride stron gly syn ergized with recom bin an t

IL-18 for th e production of IFNg, as sh own in Figure 2c.

However, wh en st im ulated with a com bin ation of LPS

an d IL-18, cells of obese an d diabetic in dividuals also

released sign ifican tly less IFNg com pared with lean con trols

(Figure 2c). It is im portan t to observe th at IFNg production

was m ore severely affected in patien ts with type 2 diabetes

th an in n on diabetic obese in dividuals (Figure 2a an d C). In

con trast to its in duction of IFNg, IL-18 by itself in duced low

am oun ts of TNFa, an d on ly addit ive effects between LPS an d

IL-18 were observed. No differen ces between TNFa produc-

t ion by PBMCs isolated from th e th ree groups of in dividuals

were apparen t (Figure 2d).

Decreased IFNg production in response to S. aureus or
C. albican s in patients with type 2 diabetes mellitus

We in vest igated wh eth er in dividuals with diabetes or obesity

h ave a distu rbed cytokin e production in duced by th ese

m icroorgan ism s, an d wh eth er th is is m ediated by a dim i-

n ish ed respon se to en dogen ous IL-18. Patien ts with diabetes,
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Figure 2 PBMC from patients with obesity or diabetes display lower IL-18 responsiveness. (a) PBMCs isolated from lean, obese and diabetic individuals were

stimulated with 10 ng ml 1 IL-18. After 48 h at 37 1C, supernatants were collected and IFNg was measured by ELISA. (b) PBMCs were isolated from the blood, and

the expression of IL-18Ra and IL-18Rb was assessed by quantitative real-time PCR. (c and b) PBMCs isolated from lean, obese and diabetic individuals were

stimulated with LPS (10 ng ml 1) and IL-18 at various concentrations (0.1, 1 and 10 ng ml 1). After 24 h (TNFa, panel d) or 48 h (IFNg, panel c) at 37 1C,

supernatants were collected and the cytokines were measured by ELISA. Data are presented as means± s.d. *Po 0.02, compared with lean subjects.
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IFNg production in diabetes patients is defective

but n ot with obesity alon e, h ad a sign ifican tly lower IFNg

production in respon se to S. aureus or C. albicans th an lean or

obese con trol in dividuals (Figure 3a). As expected, produc-

t ion of TNFa an d IL-6, wh ich are n ot IL-18 depen den t , d id

n ot differ between th e th ree groups (Figure 3b an d c).

The role of endogenous IL-18 in the production of IFNg in
diabetic patients

To in vest igate wh eth er th e defect ive IFNg production in

patien ts with diabetes is due to in term ediary production

of IL-18, we blocked th e production of IL-18 with th e

caspase-1 in h ibitor Ac-Tyr-Val-Ala-Asp-2,6-dim eth ylbezoyloxy-

m eth ylketon e, an d we used IL-18 bin ding protein (IL-18BP)

to n eutralize IL-18. Both caspase-1 in h ibition or addition

of IL-18BP stron gly inh ibited IFNg production in duced by

S. aureus or C. albicans (Figure 4). Wh en th e IL-18 path way

was blocked by eith er of th ese m eth ods, n o differences of

IFNg production were observed between diabetic, obese

an d lean in dividuals (Figure 4), dem on strating th at th e

differen ces in IFNg syn th esis durin g m icrobial stim ulation

of cells from diabetes patien ts an d lean in dividuals are

m ediated by an IL-18-depen den t path way. In con trast to IFNg

production , th e release of TNFa (Figure 4) an d IL-6 (n ot

sh own ) in duced by the m icrobial stim uli was n ot in fluen ced

by eith er caspase-1 in h ibition or IL-18BP blockade of

endogen ous IL-18.

Discussion

In th is study, we tested th e h ypoth esis th at obese subjects

an d patien ts with type 2 diabetes are resistan t to th e effects

of IL-18. Th e sen sit ivity of h ost cells to IL-18 was assessed by

stim ulat in g cells from lean subjects, obese in dividuals an d

diabetes patien ts, with IL-18, alon e or in com bin ation with

LPS as an am plifyin g sign al. Un der eith er st im ulatory

con dit ion , patien ts with obesity or diabetes produced

sign ifican tly less IFNg in respon se to IL-18 stim ulat ion . Th is

defect was apparen t even wh ile th e group of obese

in dividuals sh owed a ten den cy toward h igh er IL-18 circu lat-

in g con cen trat ion s, an d patien ts with diabetes m ellitus h ad

sign ifican tly h igh er circu lat in g levels of IL-18. Subsequen tly,

th e severity of th is defect was greater in patien ts with

diabetes th an in obese in dividuals. From th is poin t of view,

IL-18 sen sit ivity decreases (an d th us IL-18-resistan ce

in creases) from lean in dividuals with ou t in su lin resistan ce,

to obese subjects wh o are in su lin resistan t , to BMI-m atch ed

in dividuals with overt type 2 diabetes.

Production of IFNg by lym ph ocytes is un der th e con trol of

th e in term ediary action of en dogen ous IL-18 an d IL-12

produced by m on ocytes. IL-18 is part icu larly im portan t in

th is respect , with IL-12 or exogen ous m icrobial st im uli

providin g an am plifyin g sign al by in creasin g IL-18R expres-

sion .28 Alth ough on ly a tren d in our study, several studies

h ave reported th e presen ce of in creased con cen trat ion s of

IL-18 in th e circu lat ion of patien ts with obesity, an d reversal

toward n orm al con cen trat ion s after weigh t loss.5–9 Con si-

derin g th e im m un e effects of IL-18 (th at is, st im ulat ion of

IFNg production ), th e in creased IL-18 con cen trat ion s com -

bin ed with low IFNg production as sh own h ere appear

paradoxical. As an explan ation , we provide eviden ce th at

cells from diabetic patien ts h ave an im paired respon siven ess

to th e effects of IL-18. Th e IL-18 resistan ce observed would

also explain wh y th e an orexigen ic an d h ypoglycem ic effects

of IL-18, wh ich were recen tly reported by us an d oth ers,
12,13

do n ot correct th e obesity an d in su lin resistan ce in obese
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Figure 3 Stimulation of IFNg by microbial pathogens. PBMCs isolated from

lean, obese and diabetic individuals were stimulated with S. aureus

(1 107 ml 1) or C. albicans (1 107 ml 1). After 24 h (TNF and IL-6, panels

b and c) or 48 h (IFNg, panel a) at 37 1C, supernatants were collected and

cytokines were measured by ELISA. Data are presented as means± s.d.

*Po 0.02, compared with lean subjects.

IL-18 resistance, obesity and diabetes
GRC Zilverschoon et al

1411

Internat ional Journal of Obesity

but n ot with obesity alon e, h ad a sign ifican tly lower IFNg

production in respon se to S. aureus or C. albicans th an lean or

obese con trol in dividuals (Figure 3a). As expected, produc-

t ion of TNFa an d IL-6, wh ich are n ot IL-18 depen den t , d id

n ot differ between th e th ree groups (Figure 3b an d c).

The role of endogenous IL-18 in the production of IFNg in
diabetic patients

To in vest igate wh eth er th e defect ive IFNg production in

patien ts with diabetes is due to in term ediary production

of IL-18, we blocked th e production of IL-18 with th e

caspase-1 in h ibitor Ac-Tyr-Val-Ala-Asp-2,6-dim eth ylbezoyloxy-

m eth ylketon e, an d we used IL-18 bin ding protein (IL-18BP)

to n eutralize IL-18. Both caspase-1 in h ibition or addition

of IL-18BP stron gly inh ibited IFNg production in duced by

S. aureus or C. albicans (Figure 4). Wh en th e IL-18 path way

was blocked by eith er of th ese m eth ods, n o differences of

IFNg production were observed between diabetic, obese

an d lean in dividuals (Figure 4), dem on strating th at th e

differen ces in IFNg syn th esis durin g m icrobial stim ulation

of cells from diabetes patien ts an d lean in dividuals are

m ediated by an IL-18-depen den t path way. In con trast to IFNg

production , th e release of TNFa (Figure 4) an d IL-6 (n ot

sh own ) in duced by th e m icrobial st im uli was n ot in fluen ced

by eith er caspase-1 in h ibition or IL-18BP blockade of

endogen ous IL-18.

Discussion

In th is study, we tested th e h ypoth esis th at obese subjects

an d patien ts with type 2 diabetes are resistan t to th e effects

of IL-18. Th e sen sit ivity of h ost cells to IL-18 was assessed by

stim ulat in g cells from lean subjects, obese in dividuals an d

diabetes patien ts, with IL-18, alon e or in com bin ation with

LPS as an am plifyin g sign al. Un der eith er st im ulatory

con dit ion , patien ts with obesity or diabetes produced

sign ifican tly less IFNg in respon se to IL-18 stim ulat ion . Th is

defect was apparen t even wh ile th e group of obese

in dividuals sh owed a ten den cy toward h igh er IL-18 circu lat-

in g con cen trat ion s, an d patien ts with diabetes m ellitus h ad

sign ifican tly h igh er circu lat in g levels of IL-18. Subsequen tly,

th e severity of th is defect was greater in patien ts with

diabetes th an in obese in dividuals. From th is poin t of view,

IL-18 sen sit ivity decreases (an d th us IL-18-resistan ce

in creases) from lean in dividuals with ou t in su lin resistan ce,

to obese subjects wh o are in su lin resistan t , to BMI-m atch ed

in dividuals with overt type 2 diabetes.

Production of IFNg by lym ph ocytes is un der th e con trol of

th e in term ediary action of en dogen ous IL-18 an d IL-12

produced by m on ocytes. IL-18 is part icu larly im portan t in

th is respect , with IL-12 or exogen ous m icrobial st im uli

providin g an am plifyin g sign al by in creasin g IL-18R expres-

sion .28 Alth ough on ly a tren d in our study, several studies

h ave reported th e presen ce of in creased con cen trat ion s of

IL-18 in th e circu lat ion of patien ts with obesity, an d reversal

toward n orm al con cen trat ion s after weigh t loss.5–9 Con si-

derin g th e im m un e effects of IL-18 (th at is, st im ulat ion of

IFNg production ), th e in creased IL-18 con cen trat ion s com -

bin ed with low IFNg production as sh own h ere appear

paradoxical. As an explan ation , we provide eviden ce th at

cells from diabetic patien ts h ave an im paired respon siven ess

to th e effects of IL-18. Th e IL-18 resistan ce observed would

also explain wh y th e an orexigen ic an d h ypoglycem ic effects

of IL-18, wh ich were recen tly reported by us an d oth ers,
12,13

do n ot correct th e obesity an d in su lin resistan ce in obese
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Figure 3 Stimulation of IFNg by microbial pathogens. PBMCs isolated from

lean, obese and diabetic individuals were stimulated with S. aureus

(1 107 ml 1) or C. albicans (1 107 ml 1). After 24 h (TNF and IL-6, panels

b and c) or 48 h (IFNg, panel a) at 37 1C, supernatants were collected and

cytokines were measured by ELISA. Data are presented as means± s.d.

*Po 0.02, compared with lean subjects.
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in dividuals an d diabetes patien ts with h igh IL-18 plasm a

con cen trat ion s.

Our data poin t to th e IL-18 receptor as th e m olecu lar site

respon sible for th e observed IL-18 resistan ce. Obesity an d

diabetes are ch aracterized by resistan ce to th e m etabolic

effects of in su lin (‘in su lin resistan ce’), an d recen t studies

h ave suggested sim ilar low respon siven ess to th e effects of

lept in (‘lept in resistan ce’). Th ese defects h ave been proposed

to be largely regu lated at th e level of post-receptor sign alin g

path ways.29,30 Alth ough th e IL-18 resistan ce reported in th is

study is an im m un ological ph en om en on , a tem ptin g

h ypoth esis (th at rem ain s to be dem on strated) is th at a

sim ilar resistan ce to th e m etabolic effects of IL-18 is also

presen t . Because th e low expression of IL-18 receptors on

h um an leukocytes precludes th e reliable assessm en t of th e

m olecu les by flow cytom etry, we assessed th e m RNA

expression of IL-18Ra an d b by quan titat ive real-t im e PCR.

Th e expression of both receptor ch ain s was lower in patien ts

with diabetes com pared with lean h ealth y in dividuals,

wh ereas obese subjects h ave a sign ifican tly reduced expres-

sion of IL-18Rb m RNA. Th e greater decrease in expression of

IL-18Rs in diabetes patien ts as com pared with th e obese

in dividuals m ay explain th e m ore pron oun ced ph en otype of

th e form er group in term s of suppressed IFNg respon ses an d

th eir en h an ced susceptibility to in fect ion . However, addi-

t ion al m ech an ism s of IL-18 resistan ce m ay very well be

in volved, in cludin g defect ive act ivat ion of its receptor

path ways. In th is respect , it is relevan t to m en tion th at on e

of th e in tracellu lar path ways act ivated by IL-18R, STAT3

ph osph orylat ion , is also crucial for th e in su lin an d leptin

resistan ce,31 an d, as we h ave sh own , respon sible for th e

obesity an d in su lin resistan ce in IL-18 / m ice.32 Th is also

explain s th e select ive deficien cy of IFNg production in obese

an d diabetes subjects upon st im ulat ion with IL-18: th e

in duction of IFNg by IL-18 in volves m itogen -act ivated

protein kin ase33 an d sign al tran sducer an d activator of

tran scrip t ion 3 (STAT-3),34 wh ereas production of TNF an d

IL-6 are n uclear factor-kB-m ediated even ts.35,36

Th e observed resistan ce to th e effects of IL-18 m ay n ot

on ly be im portan t for th e en ergy an d glucose m etabolism ,12

but cou ld also explain th eF already m en tion ed F in creased

susceptibility to in fect ion s in obese in dividuals an d patien ts

with diabetes. Man y com m on in fect ion s h ave been sh own to

be m ore frequen t in patien ts with diabetes, in cludin g

com m un ity-acqu ired pn eum on ia, u rin ary tract in fect ion

an d soft-t issue in fect ion .37–39 Sim ilar to th e patien ts with

diabetes, obese in dividuals h ave been reported to display an

in creased susceptibility to th e sam e types of com m on

in fect ion .
15

Because cen tral obesity, in su lin resistan ce an d

diabetes are com pon en ts of th e m etabolic syn drom e, on e

m ay specu late th at sim ilar path oph ysiological m ech an ism s

are respon sible for th e in creased susceptibility to in fect ion s

in both th ese two clin ical con dit ion s. Several m ech an ism s of

h ost defen se h ave been described to con tribu te to th e

susceptibility to in fect ion s of patien ts with diabetes m ellitus.

Adh eren ce, ch em otaxis, ph agocytosis an d m icrobicidal
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Figure 4 The defective production of IFNg in diabetic patients is IL-18 dependent. PBMCs isolated from lean, obese and diabetic individuals were stimulated with

S. aureus (s.a., panels a and c, 1 107 ml 1) or C. albicans (c.a., panels b and d, 1 107 ml 1), in the presence or absence of a caspase-1 inhibitor (10 mg ml 1) or

IL-18BP (10 mg ml 1). After 24 h (TNFa, panels c and d) or 48 h (IFNg, panels a and b) at 37 1C, supernatants were collected and cytokines were measured by ELISA.

Data are presented as means± s.d. *Po 0.05.
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Inflammation in diabetes patients
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Long-term epigenetic reprogramming in myeloid cells
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Bone marrow-derived macrophages maintain hyperglycemic memory
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Bone marrow-derived macrophages from diabetic mice drive atherosclerosis
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Conclusions 2

• Diabetes patients present both increased susceptibility to infections and
increased vascular complications

• Immune cells of diabetes patients display a defective response to pathogens
– Decreased neutrophil and monocyte function
– Defective IFNg responses due to IL-18 resistance

• At the same time, diabetes patients show inappropriate systemic
inflammation
– Role of epigenetic and functional changes due to hyperglycemia in myeloid cells and

their progenitors in the bone marrow
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